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1. Programme Outline 
1.1 Six shallow and two deep wells were drilled by the Institute of
Hydrology at six locations in the North East area of the Searle Chemical
• Plant at Morpeth between 16 and 27 February 1987 (Fig.1). Piezometers
• with 0.5m perforated tips were installed in all but one of these wells to
serve as an initial network for subsequent monitoring of water levels and
chemistry.
•
•
Seventeen water samples were collected, including four from the North
boundary ditch and associated land drain. Methanol and acetone were used
as contaminant indicators, although a range of hazardous chemicals were
• expected to be present.
•
1.2 This phase (Phase Al) was intended to establish whether contaminantsID
introduced from leaking effluent drains beneath Chem Plants 1 to 4 had
• extended beyond the perimeter of the site. It was assumed that pollutants
• were present under Chem Plants 1-4 and that, on the basis of earlier water
level data, any contaminant plume would probably be moving in a general
North or North East direction. Contaminants had been found in a trench
ID dug in mid-1986 Just North of the West end of the effluent plant and
• investigation logs showed the presence of sand lenses or layers with a
shallow water table in the north field area. Since the VOC indicators
(methanol/acetone) have an specific gravity of about 0.8 the contaminants
• would be expected in the upper parts of any permeable zones.
•
Consequently, the first site drilled to locate any contaminants was
drilled in the North field with the intention that if contaminants were
• not located within the boulder clay horizons or weathered bedrock at this
• site then subsequent sites would be drilled towards the Chemical plants in
an arc extending East and South East from the initial site. Drilling
would consist of shallow wells at first to avoid cross-contamination of
ID the underlying sandstone if shallow contaminants were found. If
•
•
contaminants were Identified at the initial site then the Investigation
would extend North and North East to locate its extent (within the site
• boundary only). If contaminants were not found at the shallow sites then
• some Initial investigation of the chemical plant area itself would begin
In order to prove that contaminants were definitely present.41
41 An additional deep borehole was drilled upslope of the chemical plant
•
area for lithological control. Deeper holes into the underlying bedrock
would require different rigs and more complex borehole design.
•
41
1.3  During the  course of the investigation additional background
•
information was provided by Searle. Steep slopes, access and the dense
network of buried services restricted the final choice of sites,
particularly in certain key locations. Having located toxic chemicals by
chemical plant 2 it was decided to evaluate the information available in
40 order to locate further target areas more precisely and to allow the
necessary arrangements to be made.
' I P
• 2. Summar of Prellminar Results
41
2.1 Geology
• The sequence consists typically of boulder clay (till) which overlies
•
Millstone Grit sandstones north of Chem I and 2 and mudstones over the
rest of the site (Flg.2). The bedrock surface slopes from 90 to 70 m in a
North or North East direction. A weathered surface has developed on the
• sandstones.
•
The overlying clay sequence ranges in thickness from 3 to at least 941
m, Increasing in a North East direction. Two divisions can be identified
41 separated by a silt layer about 0.5 to 1 m thick. The upper generally
• brown clay sequence Is softer and contains sand lenses in the North field.
The lower clay consists of stiff grey clay with small rock fragments and
occasional boulders and represents a ground moraine. The elevation of the
• top of the grey clay is shown in Figure 3 for the North East area. It
41 would appear to be relatively flat South West of Chem Plant 2 at an
elevation of about 79-80 m but drops sharply from MP7 to MP6 to an
elevation of about 72 m, possibly associated with the mudstone-sandstone
• junction.
•
•
41 Figures 4 to 6.
41
2.2 Water Levels41
Sections illustrating the geology in the Chem Plant area are shown In
41 During drilling water inflow is usually slow due to the low
• permeability of the sequence and water levels may take several days or
more to reach an equilibrium position. South of MP6 water is usually41
encountered at the top of the silt horizon lying on the grey clays. This
41 layer becomes increasingly confined downdip. The piezometric surface of
• the silt layer occurs at a depth of about 3 m (about 79.5 m OD ) by Chem
Plant 2.41
• A separate water table appears to be present in the shallowed sand
• tense in the brown clay sequence North of MP6. In addition, a local
shallow water table has formed in the dolerite fill by Chem Plant 2, which41
on the basis of a chemical analysis is derived from rainfall recharge with
• inspected drainage.
41
Water level elevations are shown in Figure 7. These vary from about41
90 m in the South West to about 76 m in the North East with an average
• gradient of about 0.04. These are shown in comparison to the effluent
• drain effluent levels in Figure 8. This indicates that the invert levels
of the drains leading from Chem 1 and the eastern side of Chem 2 are about41
0.5 m above or actually intercept the silt layer. Elsewhere the invert
• levels are about 1.5 to 2 m above the silt layer and as a result the risk
• of contamination will be less in these areas.
41
2.3 Permeability (K)
•
• Estimates of permeability have been made from grain size analyses and
short 'recovery tests. As yet these are incomplete but using the more41
reliable recovery data, K values of about 1 m/d and 0.3 m/d are indicated
• for the silt layer at MP5 and 1P6, respectively. Permeabilities of up to
• about 15 m/d are indicated for the fine to medium grained sand lenses
•
occurring in the brown clays in the North field. As a general indication
of the permeabillties of these sequences we would expect values  in the
41 range of 10- 2  to 10- 4  m/d for mixed sands, silts and clays, such as those
•
41
41
41
in the upper clay sequence, and about 10- for massive clays, such as the41
lower grey clay sequence. The occurrence of groundwater within the silt
• layer overlying the grey clay would seem to be due to the higher
• permeability of this horizon compared to the very low permeability of the
•
grey clays which restrict further downward movement of groundwater.
41 Using the K value from MP5 of 1 m/d and an average hydraulic gradient
•
of 0.04 the approximate velocity of groundwater flow in the silt layer is
about 1.5 m/year. Over, say, 20 years, assuming Chem Plant 1 drains have41
been leaking since the plant came Into operation, the contaminant plume
• would have moved up to about 30 m and should still be within the site
•
boundary (site MP8 Is 40 m and the top edge of the fill slope 15m from the
eastern fence). Assuming a porosity of 40% and a thickness of 0.5 m for
41
the silt layer the storage volume of this layer beneath Chem Plants 1 and
• 2 is about 675 m' and for Chem Plants 3 and 4 about 450 m', a total of
•
1125 m'. On available evidence it is still uncertain as to whether the
fill material along the fill slope of the eastern boundary is of a depth
41
that would seal off the silt layer.
•
•
3. Sampling Results 
41
3.1 Polluted groundwater was encountered at 2 boreholes some 90 m apart
• in the North East area:
41
- at MP6, about 10 m North East of the effluent plant and beyond the41
foot of the fill slope
41
• - at MP8, about 8 m North of Chem Plant 2.
41
However, the analyses of the samples from these wells (Table 1) suggests a
• different source and type of po llutants at each location.
41
3.2 At MP6 the high Na and CI levels indicate road salt contamination41
from stockpiles in this area and/or the adjacent stormwater drain. The
• high Zn and suspected high NH3 could be due to spillage in this general
• area from the effluent tank. It would be noted that an effluent drain
from the solvent tank farm passes MF5 and MP6. MP5, however, which is41
situated close to the trench dug mid-1986 at the western end of the
• effluent tank, did not show any VOC's.
Table
• NP6 (IH sample ref 99696) 25/2/87
• mg/.1
 mg/i mg/i
EC 7500 AS Na 830 504 360 Methanol Nil
• pH 6.8 K =1 CI 2200 Acetone Nil
6.4°C Ca 440 HCO3
• COD 50 Mg 80
• Fe 8
• Zn 28
• Al 2
•
* Abnormal titration curve. NH3 suspected.
•
• NP8
• mg/a
• EC 4570 gS Methanol Nil
• pH 6.3 Acetone 8
• Tetrahydrafluoron 700
• Unidentified 50
•
COD result not yet available
•
•
40
The nature of the pollution at MP6 is perhaps of less concern at this
• stage than that at MP8 and is probably a separate problem, even though the
•
same silt layer contains pollutants at both sites. Prior to further
investigation around MP6 (where, however, access is limited) we would
suggest that full chemical analyses (including VOC 's) are made on MP6, MP5
40 and NE3 to show whether more hazardous pollutants are present. A
•
bacteriological analyses should also be made on a sample from HP6.
3.3 The contaminants at MP8 pose a more serious problem, although the
• indications are that the extent of pollution is still contained within the
•
site boundaries. Clay fill on brown clay extend from 1.5 to 3.0 m at MP8,
the sequence becoming damp at 3 m, which is about the level of the
adjacent invert (80.0 m OD). The pollutants were encountered in soft,
• olive sandy-clayey silt at 3.0-3.7 m (78.9-79.6 m OD) lying on top of the
•
grey clay  (wh i c h  appears to be dry). There is at least 2 m (? > 7 m) of
grey clay beneath MP8  wh i c h  overlie mudstones of low permeability without
10
a weathered layer. The mudstone-sandstone contact appears to run beneath
• Chem Plants 3 and 4. Hence, if the contaminant source is limited mainly
•
to Chem Plant 1 then the possibility of deeper penetration through the
grey clays and into the mudstones is considered to be limited, since the
plume would travel preferentially in the direction of groundwater flow
• within the more permeable silt layer overlying the grey clay.
Head differences in the overall sequence would result in upward
movement of contaminants downdip as well as downward movement towards the
• bedrock if vertical continuity exists in the sequence. The clays above
•
and below the silt layer would, however, make this unlikely. Water from
this layer is also unlikely to emerge at the surface downdip or contribute
to the shallow ditch in the north.
•
•
Groundwater flow in the silt layer is in a North East or possibly
Easterly direction. At present no boreholes exist in this area. However,
there is the possibility that pollutants could travel preferentially from
• the silt layer into the backfill of the drainage system at a lower
•
elevation and then towards the effluent plant area, although no pollutants
were found at at MP7 or NE4 in the silt layer close to these pipes. Flow
along the drainage system backfIll material can only be investigated by
trenches rather than boreholes.
•
4. General Conclusions
410
41 4.1 The initial survey indicates that toxic effluent contamination is
likely to be restricted to the area of Chem Plant 1 and 2 where invert
levels are close, to or in contact with a silt layer which extends over the
• site. This layer Is also polluted at HP6 just downdip of the effluent
•
tank but this pollution does not appear to be associated with leakage from
toxic effluent pipes and as such is of less concern at this stage.ID
41 4.2 Groundwater flow is North East or East from the area of pollution but
•
moving at about 1.5 m/year. It is probably still contained within the
plant site, although due to the absence of boreholes east of MP8 the
extent has not been determined as yet nor has the effect of clay fill in
restricting outward flow been established . Upward and downward movement
• of pollutants from the silt layer is restricted by relatively thick clay
layers and the polluted area is underlain by mudstones also of low
permeability.
•
4.3 On the basis of the available information we feel that the
contaminant problem can be overcome and that there is no immediate risk to
surface water drainage.
•
• 5. Recommendations 
•
The Initial survey has indicated that the area of hazardous chemical
41 contamination is likely to be limited to the Chem 1 and 2 area, where,
• however, access is limited. Further drilling may have to be made through
road surfaces. We feel that pollution is limited to the silt layer lyingID
on the grey clay and consequently this layer should be the initial target
• of further investigation. Deeper drilling may necessitate larger rigs and
11 more complex well designs and therefore ought to form a separate
•
programme. The contamination at HP6 also appears to be a new and separate
problem.
•
•
We propose that a further 5-day drilling programme should be
undertaken in the Chem Plant area. During this period about 6 shallow410
wells or 4  s ha l l ow p l us  1 deep well could be drilled.  Th i s  work should be
targeted at the following:
•
•
II
II
II
410 - define water levels, geometry of the silt layer, presence of
contaminants and relationship with the flll material in the area
II from MP8 eastwards to the site boundary.
II
- establish whether pollutants are present beneath Chem Plant 3.
II
ID - obtain fUrther information, particularly on water levels around
Chem Plants 1, 2 and 3, including a check on pollutants downdip of
ID the laboratory.
I I
I I - obtain further data on the permeability of the silt layer.
Possible drill sites are indicated in Figure 8.
II
• In addition, we recommend that,
I l
(1) Samples are taken for full analysis from HP6, MP5 and NE3.
•
• (2) The effluent pipe from the solvent store area and the stormwater
II drain system in the area HP5 - MP6 should be pressure tested.
I I (3) Trenches are used to examine the possibility that pollutants are or
41 could travel along the backfill of the effluent drainage system downdip of
•
Chem Plant 2.
41 (4) Methanol and acetone may not be the most appropriate contaminant
• indicators. Since THF was found in high concentrations at MPS this should
41 also be included.
•
•
•
11
•
II
•
410
•
•
•
41
41
41
•
Cost Estimates: Further Stud
41 Mobilisation and demobilisation 1100
41
41 Staff and accommodation costs 3800
• Borehole materials 1200
• (4 shallow and 1 deep borehole)
41
Analysis and reporting 1800
41
• Total £7900
•
41 This assumes a 5-day drilling programme. At present we can only undertake
41 this work starting 2 April 1987 due to other commitments.
41
41
41
41
•
41
41
41
41
41
41
41
41
41
41
41
41
•
41
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